Objective To determine the incidence and clinical characteristics of persistent left superior vena cava (PLSVC) among low-risk pregnancies. We have also compared electrocardiography (ECG) parameters of infants with PLSVC with those of normal controls.
INTRODUCTION
Persistent left superior vena cava (PLSVC) is the most common congenital venous anomaly, and it is observed in 0.5 to 2% of the general population 1 and 0.7 to 0.9% of the fetal population. [2] [3] [4] In the early embryonic period, the right and left anterior cardinal veins constitute the main venous drainage of the cephalic portion, but the development of the left innominate vein and the regression of the proximal part of the left cardinal vein cause a usual pattern of right superior vena cava drainage, whereas the left cardinal vein becomes the ligament of Marshall. A few series of prenatally diagnosed PLSVC have been published in the literature, [2] [3] [4] [5] [6] mostly from high-risk populations referred for fetal echocardiography. Therefore, little is known about the significance of isolated PLSVC and its prevalence in a low-risk population. Patients with PLSVC are usually asymptomatic, so the anomaly is often found unexpectedly during central venous catheterization or pacemaker implantation. Therefore, its incidence is unclear. PLSVC can be reliably diagnosed at prenatal screening echocardiography; therefore, we have evaluated the true incidence of PLSVC in a large cohort. Moreover, because PLSVC can be associated with cardiac arrhythmias, [7] [8] [9] we have also compared the electrocardiogram (ECG) findings of infants with PLSVC with those of normal controls.
METHODS
Between January 2010 and December 2014, 17 401 fetal echocardiographic examinations were performed at our institution. At our institute, fetal echocardiogram is routinely performed in the midtrimester in most of all pregnancies. Of the echocardiogram we have performed, we estimate that 1.3% women were referred, following the suspicion of anomalies at an outside institution. An average of 3483 pregnant women delivered each year at our institution during the study period; the hospital has neonatal intensive care unit capability, but does not provide neonatal surgery, so most of the cases with cardiac anomalies or extracardiac anomalies were referred to a tertiary care center. All cases of PLSVC were retrospectively retrieved from our fetal echocardiographic database. We reviewed their medical records, ultrasound video recordings, and still frames of fetal echocardiography and obstetrical ultrasound to determine associated conditions and outcome. To confirm the prenatal findings, neonatal echocardiography was obtained only in 27 cases (41.5%).
During the study period, fetal echocardiography was carried out by a segmental approach using standardized anatomical planes incorporating pulsed-wave Doppler imaging. [10] [11] [12] All fetal echocardiographic examinations were performed using Prosound α-10 (Hitachi Aloca Medical, Ltd., Tokyo, Japan) or Prosound F75 (Hitachi Aloca Medical, Ltd., Tokyo, Japan). Gestational ages at fetal echocardiography, maternal age, associated cardiac and extracardiac anomalies, chromosomal anomaly, and specific perinatal problems were recorded.
Infants with isolated PLSVC and ECGs performed within 1 week of delivery were categorized as the PLSVC group (n = 24). The same numbers of ECG recordings were obtained from our ECG database for age-matched subjects (normal controls). We examined the medical records and echocardiography images of both groups. Cases with heart anomalies, except for small atrial septal defect (<3 mm) or small patent ductus arteriosus (<2 mm), were excluded from the PLSVC or control group.
Statistical analysis was performed using independent sample tests. All values are given as mean ± standard deviation, and p < 0.05 was considered significant. CHA Gangnam Medical Center Institutional Review Board approved this study and waived the requirement for informed consent (GCI-15-33).
RESULTS
Sixty-five cases of fetal PLSVC were detected during the study period out of a total of 18 188 fetuses evaluated (including 1171 twin pregnancies and eight triplet pregnancies), representing 0.36% (65/18 188) of all fetal echocardiographic examinations performed in the study period. All 65 cases had a normal right superior vena cava and had an abnormal three-vessel view. However, only a few cases had a markedly enlarged coronary sinus ( Figure 1 ). The neonatal confirmation of the prenatal sonographic findings was obtained in 27 cases (seven cases in PLSVC with cardiac or extracardiac anomalies and 22 cases in isolated PLSVC).
A total of 31 fetuses (47.7%) had associated anomalies: Twenty fetuses (30.8%, 20/65) had associated congenital heart defects (CHDs), seven fetuses (10.8%, 7/65) had extracardiac anomalies, and four fetuses (6.2%, 4/65) had both CHD and extracardiac anomalies. The data of the fetuses with associated anomalies and outcome are shown in Table 1 . A wide spectrum of CHD was observed. The most frequently associated cardiac anomaly was ventricular septal defect (n = 9), whereas ten cases had conotruncal anomalies. Interestingly, in our series, there was no case of heterotaxy syndrome combined with PLSVC. The most frequent extracardiac anomaly was single umbilical artery (n = 4), followed by polydactyly (n = 3). We performed fetal karyotyping in about 54.8% cases (17/31) with associated CHD or extracardiac anomalies; a significant chromosomal abnormality was detected in only one case (45, XO). In 34 cases, the PLSVC was isolated, that is, not associated with other cardiac or extracardiac anomalies. Fetal karyotyping was performed in 23.5% (8/34) of them; only one case of chromosomal abnormality was detected (47, XY, +21). Among the 34 cases with isolated PLSVC, seven were delivered at another hospital: all were discharged without perinatal problems and did well. Among the 27 newborns delivered at our institution, an ECG was obtained in 24 neonates at an average age of 3.0 ± 1.4 days (range 1-7). We extracted the ECG data for the same number age-matched controls from our database. The demographic data and ECG parameters of both groups are shown in Table 2 . No significant differences in gestational age at birth, birth weight, P-wave axis, QRS wave axis, T-wave axis, and heart rate were observed between the two groups. There was no arrhythmia observed in either group.
DISCUSSION
We have found that the incidence of PLSVC in a low-risk prenatal population is 0.36% and is similar to that reported by Liu et al. (0.5%). 4 Our data come from a single secondary center during the most recent 5 years. At our institute, routine antenatal fetal cardiac screening is performed in the midtrimester of pregnancy. Therefore, our data more closely reflect those of a general population than previous reports from tertiary referral centers. [2] [3] [4] In recent years, the addition of the tree-vessel view at the upper mediastinum during fetal cardiac examinations has facilitated the diagnosis of PLSVC as it appears as four vessels instead of the normal three, with a supernumerary vessel to the left of the pulmonary trunk and ductus arteriosus ( Figure 1 ). Patients with PLSVC rarely have associated chromosomal anomalies. In our series, only two cases (3.1%, 2/65) had aneuploidies. An association between PLSVC and chromosomal defects has been previously reported in as high as 9% of cases, most commonly trisomy 18 and trisomy 21. 3 Some authors have advocated that fetal karyotype should be routinely performed if PLSVC is detected prenatally. 4, [13] [14] [15] However, in our series, chromosomal abnormality was found only in two cases, one of which had associated structural anomalies. Larger studies are needed in low-risk populations like ours to establish whether isolated PLSVC should be an indication for fetal karyotyping.
Most of the fetuses in our series (36.9%), as well as those in other series, have associated cardiac defects other than chromosomal anomalies. [2] [3] [4] 6 In addition, extracardiac defects were observed in 16.9% of our cases . These findings highlight the importance to evaluate the heart and other organs meticulously if PLSVC is detected during routine screening. PLSVC has been frequently reported in association with heterotaxy, occurring in 50 to 70% of cases. 2, 3 We did not detect heterotaxy in any of our cases, despite the fact that Asians show a higher prevalence of heterotaxy syndrome compared with Western populations. 16 The reason for this unexpected finding is not clear, but it may reflect the low-risk population included in the present study. Heterotaxy is easily detected at prenatal ultrasonography, and it routinely constitutes an indication for referral for fetal echocardiography. All neonates with isolated PLSVC did well after birth; the outcomes of those with PLSVC associated with cardiac or extracardiac anomalies are unclear because most of them were referred to a tertiary center.
Persistent left superior vena cava can be associated with anatomical and architectural abnormalities of the pacemaker and conduction tissues. 8, 9 During the fetal development of the human heart, the left superior vena cava is normally incorporated into the coronary sinus, and its only visible remnant that persists is the oblique vein of Marshall. Both the atrioventricular (AV) node and sinus node can show persistent fetal dispersion in the central fibrous body in patients with PLSVC. The PLSVC, through its multiple anatomical and electrical communications with the atria, may generate repetitive rapid discharges with shorter activation cycle length that cause the initiation and maintenance of atrial fibrillation and sudden death. 17 Several recent studies have demonstrated that the ligament of Marshall, which contains the vein of Marshall, plays an important role in arrhythmogenesis through its muscle sleeves, which continue into the coronary sinus, forming an inferior interatrial pathway. 1, 17 If the left superior vena cava persists later in life, the coronary sinus ostium becomes larger than normal, 8 displacing the AV node anteriorly. Clinically, sudden death in patients with PLSVC is known to occur, and the immaturity or structural displacement of their AV nodes may play a role in fatal electrical instability. 9 Therefore, we compared the basic ECG parameters of the PLSVC group and the control group: None of our cases showed a significant arrhythmia on the ECGs. However, the assessment within 1 week of age may be too early to observe electrophysiological change. Previously reported arrhythmia cases in patients with PLSVC were not in infants, but in an older population. 1, 17 Therefore, the changes over time in the electrophysiological characteristic of patients with PLSVC should be studied in the future. This study had some limitations such as its retrospective nature. Moreover, in our series, the postnatal confirmation of PLSVC with echocardiography was obtained in only 41.5% of cases.
CONCLUSION
The PLSVC detected in fetal life should be followed by the meticulous inspection of the fetal anatomy, as it is frequently associated with CHD and extracardiac malformations that influence the outcome. However, isolated PLSVC is a benign vascular anomaly and may not affect on survival; however, there are some concerns about arrhythmia associated with PLSVC. Therefore, we need to perform a long-term follow-up for patients with PLSVC.
ACKNOWLEDGEMENT
We would like to thank Editage (www.editage.co.kr) for English language editing.
WHAT'S ALREADY KNOWN ABOUT THIS TOPIC?
• Persistent left superior vena cava (PLSVC) can be accurately diagnosed prenatally and can be associated with cardiac and extracardiac anomalies • The significance of PLSVC when isolated is unclear.
WHAT DOES THIS STUDY ADD?
• We establish the incidence and clinical characteristics of PLSVC in low-risk pregnancies.
• Electrocardiographic parameters in neonates with PLSVC are similar to those of unaffected controls.
